This paper presents a technical and economic potential of Solar Energy Application in Indonesia. Indonesia consists of thousands islands. Meanwhile, according to the latest data from the Department of Energy and Mineral Resources in 2012, Indonesia's electrification ratio is only around 74%. Renewable energy especially solar energy is one of the most potential energy sources as Indonesia lies in the equator line where the daylight is abundant and available throughout the year. The solar energy technologys is also eco-friendly and its application has the potential to reduce the greenhouse gas emission. A review of solar energy potential in Indonesia based on the solar resource data is presented. Estimation of solar resource in Indonesia was done using solar radiation data from NASA Surface Meteorology and Solar Energy (SSE). Retscreen software was used for all of the calculation in the study. It is found that the proposed system can generate electricity annually vary from 0.46 GWh/year in Denpasar to 217 GWh/year in Pontianak. This paper also calculates the economic viability through pre-tax IRR and simple payback indicator. It was observed that the highest IRR was observed in Makassar and the lowest IRR was observed in Banjarmasin. Meanwhile, it can be observed that Makassar got the shortest payback period for 11 years and Banjarmasin got the longest payback period of 17.6 years. From the side of environmental impact, the proposed system can reduce the GHG emission up to 243252 tons per year in particular selected location.
Introduction
Indonesia is still struggling in increasing its elecrification ratio. In 2012, the electrification ratio is only 74% [1] . State Electricity Company (PLN) has set a target to increase the electrification ratio by 2-3% in year 2013. In order to achieve this target, Indonesia government sets some projects by constructing 10,000 MW power plant. Most of them will come from coal power plant. Despite its low electrification ratio, electricity concumption in Indonesia has also been rapidly increasing since 1990 (over 8.5% each year). The share of electricity in energy consumption has now increased to 9% in 2010 from 3% in 1990. Construction of power plant is definitely needed.
Indonesia itself lies in the equatorial line of earth. Its climate is tropics. Daylight is abundant in this area as it is available throughout the year. Therefore, solar energy can be one of the best solutions to provide electricity. The government itself has committed to increase the electrification ratio by maximizing the electricity generation through renewable energy especially solar energy. Indonesia government has targetted the capacity installed from solar energy up to 0.87 GW by 2025 [2] . To reach that target, the government has decided to have a feed-in tariff for solar energy as an incentive to grow the interest in developing solar energy in Indonesia [3] . This policy is expected to increase the installation of grid-connected photovoltaic (PV) system. Such policy has been implemented and also been studied in a number of countries such as United Kingdom [4] , Ukraine [5] , Australia [6] , Spanish [7] , Taiwan [8], Germany [9] , even in Tanzania [10] and other countries.
A number of research have been conducted to show the solar energy potential in Indonesia [11] [12] and other countries [13] [14] [15] [16] [17] [18] . However, no paper has reported including feed-in tariff as an aspect in the research. This can be accepted as feed-in tariff policy is quite new in Indonesia. Greenhouse gas emission has been a big issue for quite a while as it is strongly related to climate change. Indonesia relies most of its electricity generation to fossil fuel power plant. This will obviously increase the greenhouse gas to the atmosphere. The use of renewable energy such as solar PV power plant to substitute fossil fuel power plant can reduce the greenhouse gas emission. Unfortunately, no paper reported about the potential of Solar PV application in reducing the Green House Gas emission in Indonesia. Furthermore, this paper aims to study the feasibility and potential of a grid-connected PV system in the technoeconomic and environmental aspect.
Retscreen Software
Retscreen software [19] is a free software developed by the government of Canada. This software is mainly used for simulating and calculating a clean energy project such as renewable energy, energy efficiency and cogeneration (combined heat and power) projects. There are two types of retscreen software which are widely used, retscreen 4 and retscreen plus. Retscreen 4 is an excel-based software and retscreen plus is a windows-based software. The softwares can be used to determine the technical and financial viability of a such clean energy project. In this paper, all calculations were done by retscreen 4 and retscreen plus to get a more precise technical and financial viability calculation.
Solar Resource Potential in Indonesia : Site selection and its annual solar potential

Site selection and Proposed PV Grid-Connected System
In this paper, the proposed solar power plant is assumed to be built to cover the peak load in each provinces. Table 1 shows the electricity condition in Indonesia in each selected province. The locations for case studies were selected based on the electricity condition. Since the load factor was bigger than the peak load, the province was chosen as a case study in this paper. As in this paper, greenhouse gas emission reduction is calculated, only certain location is chosen. This is related to the data of emission factor calculation of grid interconnecting system which is provided by the department of energy and mineral resources. Emission factor data is only available for electricity interconnecting system in Java, Madura, Bali, Sumatra, Kalimantan and Sulawesi. Thus, provinces outside those islands were not chosen as case studies. Load demand for this case that will be supplied by the proposed solar power plant is determined by using (1).
Demand = Load factor -Peak load
(1)
After calculating the demand, solar power plant (SPP) capacity can be calculated by using (2) .
As can be seen in Table 1 , the highest peak load and demand comes from Sulawesi Selatan province which is located in the south part of Sulawesi island resulting the highest solar power plant capacity of 435 MW. The lowest one is Bali with only 2.45 MW on peak load and 0.22 MW of demand, resulting the lowest solar power plant capacity of 0.29 MW. Electrification ratio is somewhat different. Riau has the lowest electrification ratio of 54.8% and Nanggroe Aceh Darussalam gets the highest one with 87.21%. 
Annual solar radiation average in selected locations
Due to the lack of wheather station data in Indonesia especially on solar resource data, online data provided by NASA Surface Meteorology and Solar Energy (SSE) was used [20] . An average annual data from 1985-2005 was used in this paper. As mentioned in Part 3.2, 12 locations were selected. The selected locations can be seen in Table  1 and Table 2 . Since the proposed system is a PV grid connected system, a certain location which is near the grid system in every province should be selected. The certain selected locations can be seen in Table 2 . The data in Table  2 was taken from NASA SSE data. NASA SSE stated that all of their daily iradiation data was measured at 10 m above the ground surface. It can be seen that Makassar area has the highest solar radiation potential with 5.88 kWh/m 2 /day. Meanwhile, Medan has the lowest with 4.55 kWh/m 2 /day. This indicates that Indonesia, theoretically, has a great potential for developing solar power system as its average daily radiation is above 4 kWh/m 2 /day annually. 
Technical and Economic Viability of Grid-Connected System in Indonesia
Technical specification and financial assumption
As it will take some time for the project to do feasibility study, engineering and procurement phase, this project is assumed to be constructed in the next 2 years ahead. A simple linear regression was used to estimate the value of solar panel installed. International price trend of solar panel installed was used for this study. Solar panel from BPSolar was choosen for this study as it can be easily purchased in Indonesia. The efficiency is about 14.8% and BP Solar guarantees that its products have a lifetime until 25 years. Table 2 shows the detail technical specification of the solar panel that will be used for the study. In this study, the panels will be installed horizontally. There is no need to install them at a particular angel as the selected locations are quite close with the equatorial line. Project life is assumed to be 25 years. Calculation of the total cost has been simplified. Feasibility study phase would cost 3% of the total cost, development phase would cost 5% of the total cost, engineering phase would cost 10% of the total cost. Cost of the construction phase (solar panel purchased and installation and others) would be 80% of the total cost. Table 4 shows some detail assumption and data which were taken for the financial analysis. As the government started to include feed-in tariff policy to develop the application of renewable energy, this paper also includes its policy to the calculation. The electricity export to the grid will be paid for $250/MWh by the government [21] . As can be seen on Table 4 , we can also see that the larger the system, the cheaper the cost of solar panel installed. Electricity export escalation rate % 7 Fig.1 . Electricity generated by the proposed system in each selected location
Techno-economic analysis
Techno analysis
Technical, specification and financial assumptions were inputed to the Retscreen Software. The software then calculated the electricity generated by the solar power plant. Fig. 1 shows the amount of electricity generated by the proposed system in each selected location. It can be seen that Makassar's plant generated the highest electricity 762 GWh/year resulted an electricity export income of around $ 190 million in a year. The main reason for this is that Makassar's high solar radiation falls on its surface. As can be seen in Table 2 , among all the locations selected, Menado got the highest solar radiation for around 5.88 kWh/m 2 /day. Besides, the capacity of solar power plant that will be built in Makassar is also the biggest with 435.06 MW.
Financial Analysis
As we use calculation method I, in the financial module, Retscreen software calculated the Pre-tax IRR (internal rate of return) and simple payback. The internal rate of return IRR is the discount rate that causes the Net Present Value (NPV) of the project to be zero. The pre-tax IRR was calculated using pre-tax cash flows, while the after-tax IRR was calculated using the after tax cash flows. In this paper, we only calculate the pre-tax IRR. The highest IRR was observed in Makassar and the lowest IRR was observed in Banjarmasin. This can be seen in Fig. 2 (a) . Meanwhile, the simple payback SP is the number of years it takes for the cash flow (excluding debt payments) equal to the total investment (which is equal to the sum of the debt and equity). From Fig. 2 (b) , it can be observed that Makassar gets the shortest payback period for 11 years and Banjarmasin gets the longest payback period of 17.6 years.
Emission analysis
Greenhouse gas emission is one of the problems of fossil fuel power plant. This also happens in Indonesia as most of its electricity powered by the fossil fuel power plant. The application of the renewable energy such as solar power plant can reduce the greenhouse gas emission such as CO 2 , CH 4 and N 2 O. Retscreen software can help in the calculation of the greenhouse gas emission reduction. The calculation is based on the emission factor of the base system. Since Indonesia uses mix of power plant, this paper will use the emission factor from the interconnecting system in every location. The emission factor data has been provided by the government as can be seen in the Table  5 [23]. The emission factor in the interconnecting system uses 2 methods of ex-ante and ex-post as referred to UNFCCC guideline. Ex-ante emission fator uses 3 years data, while ex-post emission factor uses 1 year data. In this study, we will only use Ex-Ante method. As can be seen in Fig. 3 , the highest GHG reduction mitigation of 243,254 tons/year was observed in Makassar. Meanwhile, the lowest GHG emission reduction was observed in Palembang which only got 272 tons/year.
Conclusion
This study examines the technical and economic potential of solar photovoltaic-grid connected system in Indonesia. A new policy of the feed-in tariff is included in the study. This study proposed a solar power plant with grid connected to fill up the peak load demand in any locations selected. This study found that for the selected locations, the proposed system can generate electricity annually vary from 0.46 GWh/year in Denpasar to 217 GWh/year in Pontianak. From the financial analysis, it can also be found the highest IRR was observed in Makassar and the lowest IRR was observed in Banjarmasin. Meanwhile, it can be observed that Makassar gets the shortest payback period for 11 years and Banjarmasin gets the longest payback period of 17.6 years. With 25 years project lifetime, this shows that the application of Solar photovoltaic for grid-connected system is quite feasible financially. From the environmental aspect, this proposed system also proves that it can reduce the GHG emission. From all of this calculation, based on the technical, economic and environmental indicator, it can be seen that the application of the proposed system is quite feasible to supplement the electricity grid and supply electricity when the load demand is in peak period. Meanwhile, due to the high initial investment, a policy for investment subsidy is proposed.
